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MULTI-PLATE COMB FILTER 
AND APPLICATIONS THEREFOR 

FTrt n np T HE INVENTION 

The invention relates to optical data communications devices. More particularly . the 
invention relates to a multi-plate optical comb filter and devices (e»g*, a deinterleaver, an 
interleaver), having a multi-plate optical comb filter, 

BACKGROUND OF THE INVENTION 

As telecomnuinicatious usage increases as a result of, for example, increased Internet 
usage, increased types of communications, population growth, etc., telecommunications 
providers are required to provide greater voice- arid data-carrying capacity. In order to reduce 
cost and the amount of time required to provide the increased capacity wavelength division 
multiplexing (WDM) and dense wavelength division multiplexing (DWDM) have been 
developed, which provide increased capacity without requiring new fiber optic cables. 

WDM and D^DM technologies combines multiple optical signals into a single fiber by 
transporting each sij^ or channel. Multiplexing and 

demultiplexing of optical channels is typically accomplished with thin film optical filters. 
However, multiple layers of Qlm are required to multiplex and demultiplex multiple channels, 
which increases the cost and complexity of a component. Another disadvantage of multiple 
layers of thin film for filtering is that the thin films break down over time, especially when 
operating under high, power conditions. 

What is needed is an improved optical filter that can be used for multiplexing and 
demultiplexing optical signals. V \ 

SUMMARY OFTra 1^ — 

Multi-plate optical filters and applications therefor are described. In one embodiment, a 
multi-plate optical filter includes a set of glass plates that are placed immediately adjacent to on 
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another with a partially reflective material between each of the pairs of plates to form a giacc 
plate structure. A partially reflective material is also included on the front and the back of the 
glass plate structure. The multi-plate filter can have three, four, five, or more glass plates. 

Id an alternate embodiment, one or more multi-plate optical filters are included in an 
optical signal deinterleaver to separate a set of optical signals into two or more subsets of optical 
signals. In another embodiment, one or more multi-plate optical filters arc included in an optical 
signal intedeaver to combine two or more subsets of optical signals into a single set of optical 
signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by way of example* and not by way of limitation in the 
figures of the accompanying drawings in which like reference numerals refer to similar elements. 

Figure 1 illustrates one embodiment of a three-plate optical comb. 

Figure 2 illustrates one embodiment of a device having a three-plate optical comb filter. 

Figures 3a-3c are logarithmic scale transmission characteristics of an embodiment of a 
three-plate comb filter having a first set of reflectivity characteristics. 

Figures 4a-4c are logarithmic scale transmission characteristics of an embodiment of a 

three-plate comb filter having a second set of reflectivity characteristics. 

i ' ' ;J ■ 
figure 5 illustrates on embodiment of an optical deinterleaver having a three-plate 

optical comb filter • . . 

Figure 6 illustrates one embodiment of an optical interleave* having a three-plate optical 
comb filter. 

Figure 7 is a conceptual illustration of a conversion from an optical channel scheme 
having 100 GHz spacing to an optical channel scheme having 200 GHz. 
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Figure 8 is a block diagram f an optical deintcrleavcr for conversion from an optical 
channel scheme having 50 GHz spacing t an optical channel scheme having 200 GHz spacing. 

Figure 9 is a block diagram of an optical interleave? for conversion from an optical 
channel scheme having 200 GHz spacing to an optical channel scheme having SO GHz spacing. 

Figure 10 illustrates one embodiment of an optical component configuration to increase 
the capacity of an optical network. 

Figure 11 illustrates one embodiment of a four-plate optical comb filter. 

Figure 12 illustrates one embodiment of a five-plate optical comb filter. 
pFTAHJ^p p ESCRIPTTON 

Optical comb filters and applications of such filters are described. In the following 
description, for purposes of explanation, numerous specific details are set forth in order to 
provide a thorough understanding of the invention. It mil be apparent, however, to one skilled 
in the art that the invention can be practiced without these specific details. In other instancy*, 
structures and devices are shown in block diagram form in order to avoid obscuring the 
invention. 

Reference in the specification to "one embodiment" or '*an embodiment" means that a 
particular feature, structure, or characteristic described in connection with the embodiment is 
included in at least one embodiment of the invention. The appearances of the phrase "in one 
embodiment" in various places in the specification are not necessarily all referring to the same 
embodiment 

Embodiments: of the invention include methods and apparatuses for filtering optical 
channels to provide, for example, an interleaver or a deinteritavcr. A multi-plate comb filter is 
used to separate subsets of channels and for mixing subsets of channels. Interleaves and 
deinterleavers having one or more multi-plate comb filters can be used to increase the bandwidth 



01/15/2001 23:51 7034182276 



* . EXPRESS PATENT SVCS. 



PAGE 06 



WO 00/76104 PCT/USW/lSfiM 

of an optical network. The interleaves and deinterleavers can be used to interface components 
designed for a first channel spacing to components designed fur a second channel spacing. 

Figure 1 illustrates one embodiment of a three-plate optical comb. In order to provide 
filtering that is sufficiently accurate to provide comb filtering functionality for International 
Telecommunications Union (ITU) channel spacing, the thickness of each glass plate should be 
consistent within a redetermined tolerance. In one embodiment the thickness tolerance for each 
plate is L0 |im; however, other tolerances can also be used. 

In general comb filter 100 includes glass plates 1 10, 120 and 130. Comb filter 100 also 
includes reflective coatings/materials 140, 150, 160 and 170. In one embodiment, the 
coraixmenjs of comfe^ 

however, epoxy c an als o be used. Becaiise, of the flatness of the compoxients of oomb filter 100, 
by abutting the components to each otter, contact is maintained by atomic forces. 

Id one embodiment, glass plates 110, 120 and 130 are 0-5 mm thick for 100 GHx spaced 
input signals, 1.0 mm thick fix 50 GHz spaced input signals, and 02S mm thick for 200 GHz 
spaced input 5igp^ H !O^V^ thicknesses can be used, for example,, for other input signal 
spacing^ ■■) ;iU -. ; s.^^evi-v. ; ^ -i.^ ; 

In one caibod[iii^t, reflective raatings^naterials 140 and HO have approximately the 
same reflectivity and rcflecuve cofltings/materials 150 and 160 have approximately the same 
reflectivity that is different than the reflectivity of coatings/materials 140 and 170. In one 
embodiment, the reflectivity of coatings/materials 140 and 170 is in the range of 20% to 30% 
reflective, and the reflectivity of coatings/materials ISO and 160 is in the range of 60% to 70% 
reflective. Other reflectivities can ^ ^ : , . s t 

Figure 2 illustrates one embodiment of a device having a three-plate optical comb filter. 
Filter component 200 receives a set of k|put signals via optical fiber 205* , In one embodiment, 
the input signals are multiple channels adhearing to the ITU standard fiber optic 

. _ _ -4- 
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telecommunications channels. Other sets of input signals can also be 'used Filter component 
200 can also include filters having a different number of glass plates (e.g n 2, 4, 5). 

Optical fiber 205 is connected to fiber scat 215, which receives two optical fibers (e.g., 
205 and 210). The light carried by optical fiber 205 is collimated by gradient index (GRIN) lens 
220. Other types of lenses can also be used 

The light output from GRIN lens 220 is directed to thin film material 270. In one 
embodiment, thin film material 270 is made of NbjD^ or Ta 2 0 5 and has a reflectivity in the 
range of 20% to 30% reflective (eg., 25%); however, other materials and reflectivities can also 
be used Thus, thin film material 270 reflects 20% to 30% of the optical signal(s) output from 
GRIN lens 220 and outputs 70% to 80% of the optical signai(s) toward glass plate 225. 

The optical signal(s) are transmitted through thin film material 270 and through glass 
plate 225 to thin film material 265. In one embodiment, thin film material 265 is made of 
Nbfli t SiO t or TojOj /SiOj ; however, other materials can also be used. In one embodiment, 
thin film material 265 has a reflectivity in the range of 60% to 70% reflective (e.g., 65%); 
however, other matraakand^ 

The optical signal(s) arc transmitted by thin film material 265 travel through glass plate 
230 to thin film material 260; In one embodiment, thin film material 260 is the same material 
and has the same reflectivity as thin film material 265; however, thin film material 260 and thin 
film material 265 are not required to be the same material and have the same reflectivity. 

The optical signal(s) that arc transmitted by thin film material 260 travel through glass 
plate 235 to thin fifan material 255/ In one embodiment, thin film material 255 is the same 
material and has the same reflectivity as thin film material 270; however, thin film material 270 
and thin film mgt«Tfol' 255 are not required to be the same material and have the same 

reflectivity..,; v\.:^y: l ?\% : ^ -i rUi;>- ; ;;.- : ;. ;: i: v 

The optical signal(s) that are transmitted through thin film material 255 are input to 

GRIN lens 240 and focused on optical fiber 250 that is connected to fiber seat 245. Hie optical 

-5* 
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signal(s) that ait reflected by thin film materials 255, 260, 265 and 270 are focused by GRIN 
lens 270 on optical fiber 210. 

In one embodiment, glass plates 225, 230 and 235 are polished glass plates have a 
thickness that is constant within a small tolerance. In one embodiment, the tolerance is 1 pnu 
however, other tolerance values can be used. In one embodiment, glass plates 225, 230 and 235 

are polished to in flatness and <5 mn in roughness; however, other flatness and toughness 

parameters can also be used. As described above, thin film materials 270, 265, 260 and 255 are 
made of, for example, M^0 5 and Si0 2 . Because of the smoothness of glass plates 225, 230 and 
235, the comb filter components can be bound together without epoxy. By abutting the thin film 
materials to the glass plates or the giass plates to each other, the various components can be 
bound by atomic forces sufficiently to operate as an optical component. 

In cme embodiment, filter component 200 can be tuned by modifying the angle of optical 
fibers 205. 210 and 250. By allowing a small angle of adjustment (e.g., l°-2°), the elements of 
filter component 200 can be tuned after filter component 200 is assembled 

In one embodiment, filter component 200 receives multiple optical channels (e.g., 
Channel K Cbannd 2; Cbaimd 3, Channel 4 and Ch^el 5} throu^ The even 

channels (e.g., Channel 2 and Channel 4) are reflected by the filter elements (thin film materials 
255, 260, 265 and 270, and glass plates 225, 230 and 235) to optical fiber 210. The odd channels 
(e.g., Channel 1, Channel 3 and Channel 5) are passed by the filter elements to optical fiber 250. 
In an alternative embodiment, the odd channels are Reflected to optical fiber 210 and the even 
channels are passed to optica) fiber 250. 

Figures 3a»3c are logarithmic scale transmission characteristics of an embodiment of a 
three-plate comb filter having a first set of reflectivity characteristics. The first set of reflectivity 
characteristics are 17% reflective for the first reflectivity and 55% reflective for the second 
reflectivity. ;:::..,«.,* 

-6- 
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Figure 3a illustrates the transmission characteristics of a three-plate comb filter having 
the first set of reflectivity characteristics. The example of Figure 3a shows the isolation of ITU 
Channel 29 fiomChH^^ Figure 3b is a detailed illustration of the transmission 

characteristics of the three-plate comb filler having the first set of reflectivity characteristics. 
Figure 3c illustrates the transmission characteristics of a three-plate comb filter having the first 
set of reflectivity characteristics for ITU Channels 15 through 45. 

Figures 4a-4c ate logarithmic scale transmission characteristics of an embodiment of a 
three-plate comb filter having a second set of reflectivity characteristics. The second set of 
reflectivity (characteristics are 30% reflective for the first reflectivity and 70% lefl^tivc for the 
second «8«3iy^ , 

fkPf* A^???*^^? i fraua^iiciissioxi characteristics of a three-plate comb filter having 
the second set of reffecrm^ The cxanple of Figure 4a shows the isolation of 

rro Clatod ^ $x Figure 4b is a detailed mustration of the 

transmissionehar^ three-plate comb filter baying the second set of reflectivity 

chai^teristics. : : ^f^ s ^.^mB^ tte tra^ characteristics of a three-plate comb filter 
having the second set of refl^^ characr^ristics for ITU Channels 15 through 45. 

Figure 5 illustrates on embodiment of an optical deinterleaver having a three-plate 
optical comb fflto. ^ includes two comb filters to separate flie odd 

and the eye^ channels from a set of channels received. In one embodiment, the elements of 
deinterleaver 500 are f bous^ in package^ 557. In an alternative embodiment, the elements of 
deinterleaver 500 are discrete components. 

In the ^ rar^din^^ d^-p^ comb filter 530 operates to filter the optical signals as 
described above. Tl^-plate comb filt^r 580 opera^ to further filter the signals inflected by 
three-plate tt>mb fflto^^ beJow, increasing fee mimber of plates 

in a comb fUter proyito Thus, for at* interleayer with comb filters having 

four or five plates* a second corjp^ filter n^y not be necessary . 
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Optical fiber 505 communicates optical signals (e,g„ ITU Channels 15*72) from an 
external source (not shown in Figure 5) to interlcaver 500. Three-plate comb filter 530 passes 
the odd channels and reflects the even channels. The odd channels ate output via optical fiber 
550. The even channels are reflected to fiber 555, which are input to thzee-plate comb filter 580. 
The even channels are output by optical fiber 597. 

Figure 6 illustrates one embodiment of an optical interlcaver having a three-plate optical 
comb filter. Interlcaver 600 operates to combine odd channels and even channels to provide an 
output signal having both even and odd channels. In one embodiment, the elements of 
intexleaver 600 are housed in package 660; however, one or more of the elements can be discrete 
components. Interleaver 600 can include optical comb filters having a different number (e.g., 2, 
4, 5) of glass plates. 

In one embodiment, even channels are input to interleaver 600 via optical fiber 605 and 
odd channels axe input to interleaver 600 via optical fiber 650. Three-plate comb filter 630 
passes the odd channels and reflects the even channels. The combined even and odd channels 
arc output via optical fiber 655. 

figure 7 is a conceptual illustration of a conversion from an optical channel scheme 
having 100 GHz spacing to an optical channel scheme having 200 GHz. The conversion of 
Figure 7 is useful, for example, to allow devices designed to operate with an optical channel 
scheme having 200 GH2 channel spacing to interact with other devices or a network designed to 
operate with an optical channel scheme having 100 GHz channel spacing. Conversion between 
100 GHz channel spacing and 200 GHz channel spacing allows, for example, network bandwidth 
to be increased without upgrading all of the devices that interact with the network. 

In one embodiment, the converter of Figure 7 is a deinterleaver as described above. After 
the signals aie demuhiplxed, the odd channels have a 200 GHz spacing and (he even channels 
have a 200 GHz spacing. Recombining the even and the odd channels can be accomplished with 
the interleaver described above. The even and odd phannels having 200 GHz spacing are 
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combined (interleaved) into a signal stream having 100 GHz signal spacing. Similar interleaving 
can be provided to convert between 50 GHz spaced chann Is and 100 GHz spaced channels, as 
well as between other sets of channel spacing schemes. 

Figure 8 is a block diagram of an optical deinterleaver for conversion from an optical 
channel scheme having 50 GHz spacing to an optical channel scheme having 200 GHz spacing. 
In general, deinterleaver 800 includes deinterleaver 810 to convert from one set of SO GHz 
spaced channels to two sets of 100 GHz spaced channels. Deinterleaver BOO also includes two 
deinterieavers (820 and 830) each of which convert one of the sets of 100 GHz spaced channels 
to two sets of 200 GHz spaced channels. Deinterleaver 800 allows devices designed for 200 
GHz spaced channels to interact with devices or networks designed for SO GHz spaced channels. 

Optical fiber 805 carries a set of optical channels (i) having 50 GHz spacing. 
Deinterleaver 810 separates the set of optical channels into sets of even ( 2(j +l)) and odd 
(2/+1) channels. The even channels are input to deinterleaver 830 and the odd channels aze 
input deinterleaver 820. Hie even and the odd channels have 100 GHz spacing. 

Deinterieavers 820 and 830 operate to further separate the set of optical channels. 
Conceptually, deinterleaver 820 and 830 operate on the respective 100 GHz spaced channels to 
separate the input channels into "even 1 * and "odd*' channels. The sets of channels output by 
deinterieavers 820 and 830 have 200 GHz spacing, 

Deinterleaver 820 separates the odd chanhels into two sets of channels, odd-odd channels 
(4fc + 1) output by optical fiber 840 and odd-even (4fc + 2) channels output by optical fiber 850. 
Deinterleaver 830 separates the even channels into two sets of channels, the even-odd (4Jt + 3) 
channels output by optical fiber 860 and the even-even (4(i+l)) channels output by optical 
fiber 870. 

The four sets of channels output by deinterleaver 800 are 200 GHz spaced channels. 
Thus, dcinterl aver 800 can be used t interface one at more devices designed to operate on 200 

-9- 
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GHz spaced channels with one or more devices or networks designed to operate on 50 GHz 
spaced channels. Other channel spacings can also be supported. 

Figure 9 is a block diagram of an optical interleaver for conversion from an optical 
channel scheme having 200 GHz spacing to an optical channel scheme having SO GHz spacing. 
In general, interleaver 900 includes interleaver 910 to convert from two sets of 200 GHz spaced 
channels to one set of 100 GHz spaced channels. Similarly! interleaver 920 converts from two 
sets of 200 GHz spaced channels to one set of 100 GHz channels* Interleaver 930 converts the 
two sets of 100 GHz spaced channels to one set of 50 GHz spaced channels. Interleaver 900 
allows devices designed for 200 GHz spaced channels to interact with devices or networks 
designed foi; 50 Glfesp^ .: t .,.. st • , 

The Qdd-<>dd:(4Jt + 1) channels haying 200 GHz spacing are input to interleaver 910 via 
optical fiber 940. The odd-eyea (4* +2 ) channels haying 200 GHz spacing are input to 
interleaver 910 via optical film 950. Interleaver 9 10 interleaves the odd-odd channels and the 
odd-even channels to generate a set of odd ( 2j -f 1 ) channels baying 100 GHz spacing. 

The even-odd ( 4Jt + 3 ) channels having 200 GHz spacing are input to interleaver 920 via 
optical fiber 960. The even-even ( 4(k * l)) channels having 200 GHz spacing are input to 
interleaver 920 via optical fiber 970, Interleaver 920 interleaves the even-odd channels and the 
even-even channels to generate a set of even ( 2(7 + 1)) channels having 100 GHz spacing. 

Interleaver 930 interleaves the even and odd channels to generate a set of channels ( 1 ) 
having 50 GHz spacing. Thus, interleaver 900 allows devices designed to operate on optical 
channels having 200 GHz spabing to interact with devices designed to operate on optical 
channels having 50 GHz spacing^ Other chaim can also be supported. 

Figure 10 illustrates one embodiinent of an optical component configuration to increase 
the capacity of an optical networL While the embodiment of Figure 10 is described as having a 
three-plate comb filters and a sin^l layer of interleaving/deinterleaving (eig^ 100 GHz spacing 
to 200 GHz spacing, 50 GHz spacing to 100 GHz spacing), comb filters having a different 

•10- 
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number of glass plates and multiple layers of interleavingfacinterfeaving (e.g., SO GHz spacing 
to 200 GHz spacing) can also be provided. 

A set of optica] channels having a first spacing (e.g., 100 GHz, 50 GHz) is provided to 
deinterleaver 1020 via optical fiber 1010. Deinterleaver 1020 separates the set of channels into 
even and odd channels as described above. The odd channels arc input to demultiplexer 1030 
and the even channels are input to demultiplexer 1035. Demultiplexer 1030 separates the odd 
channels and outputs each channel on a separate fiber. Similarly, demultiplexer 1035 separates 
the even channels and outputs each channel on a separate fiber. 

The individual channels provided by demultiplexers 1030 and 1035 are provided to 
various optical devices (not shown in Figure 10). The optical devices operate on the individual 
channels as appropriate and output individual (possibly modified) channels. The output channels 
are input to multiplexers 1040 and 1045. Multiplexer 1040 receives the odd channels and 
outputs a multiplexed set of odd channels. Similarly, multiplexer 1045 receives the even 
channels and outputs a multiplexed set of even channels. 

Interieaver 1050 receives the odd channels ftorn multiplexer 1040 and the even channels 
from multiplexer 1045- Interieaver 1050 interleaves the odd and even channels as described 
above. The interleaved set of even and odd channels is output via optical fiber 1060. 

Figure 11 illustrates one embodiment of a four-plate optical comb filter. The four-plate 
optical comb filter provides improved performance (reflectivity and transmission) as compared 
to a three-plate optical comb filter. As - with the three^late filter described above, the elements 
of filter 1 100 can be assembled with or, without cpoxy. 

In general, four-plate optical comb filter 1 100 includes thin film materials 1 145, 1 150, 
1155, 1160 and 1 165 and gfcss plates 1110, 1120, 11?Q and U40. In one embodiment, glass 
plates 1 1 10, 1 120. 1 130 and 1 140 are 0,5 mm thick for 100 GHz spaced input signals, 1 .0 mm 
thick for 50 GHz spaced input signaU,and 0.25 mm thick for 200 GHz spaced input signals. 
Oflier plate thicknesses can b»e used, for example, for other input agnalspacings. 
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In one embodiment, thin film materials 1 145 and 1165 have approximately the same 
reflectivity that is in the range of 15% to 25% reflective (e.g., 20% reflective), thin film materials 
1 150 and 1 160 have approximately the same reflectivity that is in the range of 55% to 65% 
reflective (e.g.. 50% reflective) and thin film material 1 155 is in the range of 65% to 75% 
reflective (e.g., 71 % reflective). Other reflectivities and configurations can also be used. 

Figure 12 illustrates one embodiment of a five-plate optical comb filter. The five-plate 
optical comb filter provides improved performance (reflectivity and transmission) as compared 
to a three-plate or a four-plate optical comb filter. As with the three-plate filter described above, 
the elements of filter 1 200 can be assembled with or without epoxy. 

In general* five-plate optical comb filter 1200 includes thin film materials 1205, 1215, 
1225, 1235, 1245 and 1255 and glass plates 1210, 1220, 1230, 1240 a&d 1250. In one 
embodiment, glass plates 1210, 1220, 1230, 1240 and 1250 are 0.5 mm thick far 100 GHz 
spaced input signals, 1.0 mm thick for 50 GHz spaced input signals, and 0.25 ram thick for 200 
GHe spaced input signals. Other plate thicknesses can be used, for example, for other input 
signal spacing?. 

In one embodiment, thin film materials 1205 and 1255 have approximately the same 
reflectivity, thin film materials 1215 and 1245 have approximately the same reflectivity, and thin 
film materials 1225 and 1235 have approximately the same reflectivity. 

In the foregoing specification, die invention has been described with reference to specific 
embodiments thereof* It will, however, be evident that various modifications and changes can be 
made thereto without departing from the broader spirit and scope of the invention. The 
specification and drawings are, accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 



-12* 
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CLAIMS 

What is claimed is: 

1. An optical comb filter comprising: 
a plurality of glass plates; and 

a partially reflective material between eachof the glass plates, wherein the glass plates 
and the partially reflective material abut one another to fonn a glass plate structure, partially 
reflective material also on the front and back surfaces of the glass plate structure. 

2. The filter of claim 1 wherein the glass plates have a thickness of approximately 
0.5 mm* 

3. The filter of claim 1 wherein the glass plates have a thickness of approximately 
1.0 mm 

4. The filter of claim 1 wherein the plurality of glass plates comprises three glass 

plates. 

5. The filter of claim 1 wherein the partially reflective coating between a first glass 
plate and a second glass plate and between the second glass plate and the third glass plate havea 
first reflectivity, and further wherein the partially reflective coating on the front and the back 
surfaces have a second reflectivity. 



6. The filter of claim 5 wherein the first reflectivity is in the range of 20% to 30% 
reflectivity. 
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7. The filter f claim 5 wherein the second reflectivity is in the range of 60% to 70% 
reflective. 

8. The filter of claim 1 wherein the plurality of glass plates comprises four glass 

plates* 

9. The filter of claim 1 wherein the partially reflective coating on the front and the 
back surfaces of the glass structure have a first reflectivity, the partially reflective coating 
between a first glass plate and a second glass plate has a second reflectivity, the partially 
reflective coating between the second glass plate and a third glass plate has a third reflectivity, 
the partially reflective coating between the third glass plates and a fourth glass plate has the 
second reflectivity. 

10. The filter of claim 9 wherein the first reflectivity is in die range of 15% to 25% 
reflective. 

11. The filter of claim 9 wherein the second reflectivity is in the range of 55% to 65% 
reflective. 

12. The filter of claim 9 wherein the third reflectivity is in the range of 65% to 75% 
reflective. 

13. The filter of claim 1 wherein the plurality of glass plates comprises five glass 

plates. 
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14, The filter of claim t wherein the partially reflective coating on the front and back 
surfaces of the glass structure have a first reflectivity, the partially reflective coating between a 
first glass plate and a second glass plate has a second reflectivity, the partially reflective coating 
between the second glass plate and a third glass plate between the third glass plate and a fourth 
glass plate have a third reflectivity, and the partially reflective coating between the fourth glass 
plate and a fifth glass plate has the second reflectivity. 

15. An optical comb filter comprising: 

a first glass plate having a coating on a first side, the coating having a first reflectivity, 

a first partially reflective material abutting to a second side of the first glass plate, the 
first partially reflective material having a second reflectivity, wherein second reflectivity is 
different than the first reflectivity; 

a second glass plate having a fin* side abutting to the first partially reflective material; 

a second partially reflective material abutting to a second side of the second partially 



reflective material having the second reflectivity; and 

a thiid glass plate abutting the second pa^ reflective roaterial era a first side and 
having a reflective coating on a second side, the reflective coating having the first reflectivity. 

16. ThemwofclaimlSwherem 
th frimgpc of approximately 0.5 mnu 

17. The aw of chum 15 wherein 
thickness of approximately 1.0 mm. 
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18. The filter of claim 15 wherein the first reflectivity bin the range of 20% to 30% 
reflective. 

19. The filter of claim 15 wherein the second reflectivity is in the range of 60% to 
70% reflective, 

20. An optical filter comprising: 

a first glass plate having a coating on a first side, the coating having a first reflectivity; 

a first partially reflective material abutting a second side of the glass plate, the first 
partially reflective material haying a second reflectivity; 

a second glass plate having a first side abutting the fust partially reflective material; 

a second partially reflective material abutting a second side of the second glass plate, the 
second partially reflective material having a third reflectivity; 

a third glass plate having a first side abutting the second partially reflective material; 

a third partially reflective material abutting a second side of the third glass plate; the third 
partially reflective material having the second reflectivity; 

a fourth glass plate having a first side abutting the third partially reflective material and a 
second side having a partially reflective coating having the fust reflectivity. 

21. The filter of claim 20 wherein the first second, third, and fourth glass plates have 
a thickn*** of approximately 0J> mm. 

22. The filter of claim 20 wherein the first, second, third, and fourth glass plates have 
a thickness of approximately 1.0 mm. 



23. 



The filter of claim 20 wherein the first reflectivity is in the range of 15% to 20%. 



01/15/2801 23:?1 7B34182276 



EXPRESS PATENT SVCS. PAbc - 



PCT/usoonjww 

WO Oft/76104 



24. The 
65% reflective. 



filter of claim 20 wherein the second reflectivity is in the range of 55% to 



25. Tbe filter of claim 20 wherein the third reflectivity is in the range of 65% to 75% 
reflective. 

26. An optical deinterleaver comprising: 

a first multi-plate optical comb filter optically coupled to receive a set of optical signals, 
the first rnulti-plate optical comb filter to pass a first .»b«t of the optical signals and to reflect a 

second subset of the optical signals; and 

a second tnulti-plate optical comb filter optically coupled to receive the second subset of 
the optical signals, the second multi-plate optical comb filter to pass tbe second subset of the 
optical signals and to reflect the first subset of the optical signals. 



27. The 



optical deinterleaver of claim 26 wherein the first multi^late comb fitter 



comprises: 

afirstgiassr^etavtogaco^ 

aast partially reflective material abutting to a second sideof the first glass plate; tbe 
first partially reflective material having a second reflectivity; 

a seW glass plate having a first side abutting to the first partially reflective material; 

a second partially reflective material abutting to a second side of tbe second partially 
reflective material having the second reflectivity; and 

a third glass plate abutting the second partially reflective material on a first side and 
having a ref^ctive coating on a «cond side, the reflective coating having the fir* reflectivity. 
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28. The optical deinterleaver of claim 26 wherein the second multi-plate comb filter 
comprises: 

a first glass plate having a coating on a first side, the coating having a first reflectivity; 

a first partially reflective material abutting to a second side of the first glass plate; the 
first partially reflective material having a second reflectivity; 

a second glass plate having a first side abutting to the first partially reflective material; 

a second partially reflective material abutting to a second side of the second partially 
reflective material having the second reflectivity; and 

a third glass plate abutting the second partially reflective material on a first side and 
having a reflective coating on a second side, the reflective coating having the first reflectivity. 

29* The optical dcintcrieaver of claim 26 wherein the first multi-plate optical, comb 
filter comprises: 

a first glass plate having a coating on a first side, the coating having a first reflectivity; 

a first partially reflective material abutting a second side of the glass plate, the first 
partially reflective material having a second reflectivity; 

a second glass plate having a first side abutting the first partially reflective material; 

a second partially reflective material abutting a second side of the second glass plate* the 
second partially reflective material having a third reflectivity; 

a third glass plate having a first side abutting the second partially reflective material; 

a third partially reflective material abutting a second side of the third glass plate; the third 
partially reflective material having the second reflectivity; 

a fourth glass plate having a first side abutting the third partially reflective material and a 
second side having a partially reflective coating having the first reflectivity. 
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30. The dcinterlcaver of claim 26 wherein the second multi-plate optical comb filter 
comprises: 

a first glass plate having a coating on a fust side, the coating having a first reflectivity; 

a first partially reflective material abutting a second side of the glass plate, the first 
partially reflective material having a second reflectivity; 

a second glass plate having a fim side abutting the first partially reflective material; 

a second partially reflective material abutting a second side of the second glass plate, the 
second partially reflective material having a third reflectivity; 

a third glass plate having a first side abutting the second partially reflective material; 

a third partially reflective material abutting a second side of the thud glass plate; the third 
partially reflective material having the second reflectivity; 

a fourth glass plate s having a first side abutting the third partiaUy reflective niaierial and a 
second side havinga rwrtiaUy reflective coating having the first reflectivity. 



31. An optical interleaver comprising a multi-plate optical comb filter optically to 
a first subset of optical signals and to reflect a sec<»d subset of optical signals, the multi- 

plate optical comb filter to receive me first subset of optical signals on a first face and the second 
subset of optical signals on a second face and to output a set of optical signals comprising the 
first subset of optical signals and the second sub^ of opu^signaU. 

32. The optical interleaver of claim 31 wherein the nrolti-plate optical comb filter 
comprises: 

a first glass plate having a coating on a first side, the coating having a first reflectivity; 
a first partiaUy reflective material abutting to a second side of the first glass plate; the 
first partially reflective material having a secc«d reflectivity; 

a second glass plate having a first side abutting to the first partially reflective material; 
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a second paitially reflective material abutting \ a second side of the second partially 
reflective material having the second reflectivity, and 

a third glass plate abutting the second partially reflective material on a first side and 
having a reflective coating on a second side, the reflective coating having the first reflectivity. 

33. The optical interleaver of claim 31 wherein the multi-plate optical comb filter 
comprises: 

a first glass plate having a coating on a first side, tto coating having a first reflectivity; 
a first partially reflective material abutting a second side of the glass plate, the first 
paitiaUyridpee^^ 

a second glas^plate, haying a firstside, abutting the first partially reflective material; 

a second partially reflective material abutting a second side of the second glass plate, the 
se^d painty refU^Uvermaerial havnig athirdrefli^vity; 

a third glass plate having a first side abutting the second partially reflective material; 

a third partiafly reflective maternil abutting a second side of the third glass plate; the third 
partially reflective material having the second reflectivity; 

atowtb glass plate 

second side haying •partially reflective coating baying the first refle^vity. 



01/15/2801 23: 51 7034182276 



EXPRESS PATENT SVCS. 



WO 00/76104 



PCT/US00/156W 




o 



2/16 



01/15/2001 23:51 703418227S ' EXPRESS PATENT SVCS. 



WO 00/76104 



PCTAJS00/J5694 




3 / 16 



01/15/2001 23:51 7034182276 
WO 06/76104 



EXPRESS PATEN i bvUb. 



PCT/USO0/156M 



-Hour. /.o 





o 
cr> 

CJN 

fcrt 

CN. 
CM 

cr> 
on 

CM 

rd 

ON 
CM 
ON 

irt 

CM 
ON 

CO 
CM 
CD 
iH 

CO 
CM 

cr> 

« 

CD 
CM 
ON 



O 
I 



CM 

i 



LO 

CM 
I 



CO 



4 / 16 



01/15/2801 23:51 7034182276 



EXPRESS PATENT SVCS. 



PAGE 27 




5 A 16 



01/15/2801 23: 51 7034182276 



EXPRESS PATENT SVCS. 



PAGE 28 



PCT/US00/15694 

WO 00/76104 



o 




6 / 16 



01/15/2001 23:51 7034182276 



EXPRESS PATENT SVCS. 



PAGE 29 



WO 00/76104 



PCI7USO0/15694 



tab 

E 



■ # • ■ 






















■ 














> 








< 




1 
j 

f 






i 






c 


























i 









• I 
O 

I 



Lf) 
I 



cm: 

■IS 



o 

CO 
CM 

PI 

cm 



as 
cm 
o> 

8< 

CM 

OS 

of 

CD 
CM 

a 

* 

CO 
CM 



GO 
CM 
ON 
rH 



LO 

CM 
I 



7 A 16 



01/15/2801 23:51 7834182276 
WO 00/76104 



EXPRESS PATENT SVCS. 



FCT/USW1/15694 



PAGE 




8 / 16 



01/15/2801 23:51 7034182276 



EXPRESS PATENT SVCS. 



PAGE 31 





10 / 16 



01/15/20B1 23:51 



7034182276 



EXPra:ss PATENT SVCS. 



PAGE 33 



WO 00/76104 



PCT/USW/15694 



to 



3 



5 



3 

a 

3 



< 



5 


< 




< 


3 


< 


3 


< 
< 


3 


< 


a 


< 







a 




a 
a 

a <l 



11 / 16 



01/15/2801 23:51 7034182276 



EXPRESS PATENT SVCS. 



PAGE 34 




01/15/2001 23:51 7034182276 



i EXPRESS PATENT SVCS. 



PAGE 35 




/15/2B81 23:51 7834182276 



EXPRESS PATENT SVCS. 



PAGE 36 




14 / 16 



01/15/?801 23:51 7034182276 



EXPFESS PATENT SVCS. 



PAGE 37 



WO00H6104 



PCTMS0OJ15694 



8. 




8^ 



(30 
•i-l 



15 / >6> 



01/15/2001 23:51 7834182276 EXPRESS PATENT SVCS. PAGE 38 



PCTAJS00/15694 

WO 00/76104 




16 / 16 



01/15/2801 23:51 7034182276 

r 



EXPRESS PATENT SVCS. 



PAGE 39 



INTERNATIONAL SEARCH REPORT 



No. 



PCIYUS00/15G94 



A. CLASSIFICATION W SUBJECT MATTER 
IPCC7) :HDil 14/02; OQZB 2T/0O 

US CL 359/124, 127, 5» . ^ 

FIELDS SEARCHED 



IB, 



U^. : 159/134. 127, 539. 577, 339. 360. 584. 515, S8B, 550 



t iKiuded fa the fkhfe meted 



NONE 



I Bcmunk diti buo cormdtcd during cbc 
USPTO APS EAST (WtS) 

parch te«n« opUa* aw* fiter. Faby-tau* tnuitlpta. 



,<rf dm toe tfdL wtere pracdafcto, Mticfa wrttt wed) 







jtdevs* lo ditan No. 


lx 


US 5.629.993 A (DUCK et «9 13 May, 1997 (13.05.1997). the 


26 




entire document* 


5-7, 9-12, 14-25. 


A 




27-30. 32-33 


lx 


US 5,233.464 A (COSTICH) 03 Alga* 1993 (03.08.1993). the 


1.4.8,13 




entire document. 




IX 


US 4,806.750 A (VINCENT) 21 February 1989 (21.021989). the 


1-3 




entire document. 




lx 


US 4,707,064 A (DOBROWOLSKI et al) 17 November 1987 


31 




(17.11.1987), the entire document, 




lx 


US 3.356,640 A (AUSTIN) 19 January 1971 (19.01.1971), toe 


1.3 









□ 



BteatfpHtfMUfff 



yrpi^iyS e^lctfam M rf aeter doHOD or Qatar 



Lkftftttn 



priority <*»< 



14 AUGUST 2000 



l of Or ISA/US 



I Facsimile No. (TO) 305-3230 



Duo of milling of the rafrnttriorttl ware* nyort 

30 AUG 2000 

AiflhuiUtd vlLu* 

Tdqtos Ho- (TO) «>Mi« ^cvl. p ^CmL^ 



fW PCT/BA/llO (ireoqd *bf*t) Qvby 19S*>* 



